Previous reports showed that Compound Astragalus and Salvia miltiorrhiza extract (CASE), which was mainly composed of astragalosides, astragalus polysaccharide and salvianolic acids, inhibited hepatic fibrosis by mediating transforming growth factor-β (TGF-β)/Smad signaling. Our aim was to examine the effects of CASE on D-galactosamine (D-GalN) treated liver injury in mice and carbon tetrachloride (CCl 4 )-induced liver fibrosis in rats. CASE was administered to mice with D-GalN-induced liver injury and to rats with CCl 4 -induced liver fibrosis, respectively. Liver injury was routinely evaluated by relative liver weight, serum levels of ALT, AST, hyaluronic acid (HA), hepatic malondialdehyde (MDA) content, superoxide dismutase (SOD) activity, hydroxyproline (HYP) and histopathologic changes. Treatment of mice with CASE (60, 120, and 240 mg/kg, ig) significantly lowered ALT, relative liver weight, and MDA levels when compared with D-GalN treated mice. CASE (120, 240 mg/kg) significantly lowered ALT, AST, HA, HYP, and MDA levels against CCl 4 treated rats. Decreased SOD level was reversed with CASE treatment. Upon histopathological examination, CASE treatment had significantly inhibitory effect on the progression of hepatic fibrosis in rats. These results indicate that CASE might be effective in treatment and prevention of acute and chronic hepatic injury due to its antioxidant activity.
INTRODUCTION
Astragalus membranaceus, which has the effectiveness of "invigorate vital energy" and "invigorating splenic yang", has for centuries been considered a kind of tonic herbs in Chinese medicine and it has been used for treatment liver diseases alone or in many mixed herbs (Kang et al., 2004; Roxas and Jurenka, 2007) . Salvia miltiorrhiza , which has the effectiveness of "nourishing the blood", "promoting blood flow" and "regulating qi to dissipate blood stasis", has also been used as a traditional medicine in China for centuries and considered a potent herb in Chinese medicine to treat liver diseases and cardiovascular diseases (Hu et al., 2007; Lin et al., 2006; Liu et al., 2000) . In traditional Oriental medicine, combined use of herbal medicines for the treatment of liver diseases was a common therapeutic strategy in an attempt to enhance their anti-fibrotic effects and to minimize its side effects and toxicity. The combined effects of multidrug are related to constituents, doses, and ratio in combination. In order to obtain a more effective remedy and based on both traditional references and the results of our previous work mentioned above, combination of Astragalus membranaceus Bunge (Leguminosae) and Salvia miltiorrhiza Bunge (Lamiaceae), was applied to the treatment of liver fibrosis. We previously have investigated the effects of these three kinds of extract constituents (astragalosides, astragalus polysaccharides and salvianolic acid) and their optimal combination on the proliferation and collagen synthetic activity of serum stimulated hepatic stellate cells (HSC) by 3 H-TdR and 3 H-Proline incorporation tests (data not shown). The uniform design method was taken as a quantitative tool to optimize constituents, dosages and ratio in combination, to determine the nature of interaction among the constituents. The ratio of 70:1:1.85 in weight of crude herbs was found to be the optimal combination of Compound Astragalus and Salvia Miltiorrhiza extract (CASE) which was composed of astragalosides, astragalus polysaccharide and salvianolic acids.
The best dosage of CASE to inhibit the proliferation (inhibition ratio 60.3%) and collagen synthesis (inhibition ratio 97.5%) was 120.0 mg/L. These in vitro results suggested that CASE might outstrip unity constituent. Standardized extracts of the Chinese herb prescription composed of Astragalus membranaceus or Salvia miltiorrhiza may be expected to synergistically exert the anti-fibrotic effects based on findings from our previous reports. Our previous study showed that CASE exerted anti-fibrotic effect in chronically injured liver by inhibiting TGF-β/Smad signaling transduction (Yang et al., 2008) , and inhibit HepG2 cell invasion by modulating TGF-β/Smad signaling (Liu et al., 2010) . These studies have resulted in considerable interest in CASE as a therapeutic agent in chronic liver disease. Although astragalosides, astragalus polysaccharide and salvianolic acids were individually reported as exhibiting anti-fibrotic effect Wu et al., 2003; Lin et al., 2006) , combined use of the three extracts, as CASE for the treatment of liver fibrosis in rats, has not been reported in detail so far. Therefore, we hypothesized that the three extracts in combination might exhibited synergistic effect on the liver fibrosis in rats. In this study, D-GalN-induced liver injury in mice and CCl 4 -induced liver fibrosis in rats was used to investigate the effects of CASE on chronic and acute liver injury.
MATERIALS AND METHODS

Plant materials and preparation of CASE
The herbs Astragalus membranaceus and Salvia miltiorrhiza were purchased from Bozhou Crude Drug Market, Anhui, China. The medicinal materials were authenticated by Professor Jian-Li Zhou, Department of Medicinal Plant, Anhui College of Traditional Chinese Medicine. Voucher specimens were deposited at the Herbarium of the Anhui College of Traditional Chinese Medicine. The processes of extracting and preparing the three CASE components (astragalosides, astragalus polysaccharide and salvianolic acids) from the two herbs were described previously (Yang et al., 2008) . For in vivo experiment, the three extracted powders were dissolved in 0.5% sodium carboxymethylcellulose (CMC-Na) with a standard ratio (70:1:1.85) in weight of crude herbs.
Chemicals
CCl 4 were purchased from Beijing Chemical Factory (China). D-galactosamine (D-GalN) was purchased from Chongqing Medical University (China). The kits for analyzing alanine aminotransferase (ALT), aspartate aminotransferase (AST), malondialdehyde (MDA), superoxide dismutase (SOD), and hydroxyproline (HYP) were purchased from Nanjing Jiancheng Institute of Biotechnology (China). Hyaluronic acid (HA) radioimmunoassay kits were purchased from Shanghai Navy Medical Institute (China). All other chemicals were of analytical grade and purchased locally.
Animals and treatments
Sprague-Dawley rats (140 -170g) of both sexes and Kunming strain mice (18 -22 g) of both sexes (Anhui Medical University, China) were under conditions of controlled temperature (25 ± 2°C ) and illumination (12 h light/dark cycle), and provided with rodent chow and water ad libitum. The rats were maintained in these facilities for at least 1 week before experiment. All procedures involving the use of laboratory animals were in accordance with the guidelines for the humane treatment of animals set by the Association of Laboratory Animal Sciences and the Center for Laboratory Animal Sciences at Anhui Medical University.
Animal model of D-GalN induced liver injury and CASE treatment
The mice were randomly divided into five groups with 10 mice in each group. Animals in group 1 (normal control group) and group 2 (D-GalN control group) were treated with a single daily dose of 0.5% CMC-Na solution. Animals of groups 3 -5 were treated with CASE (60, 120 and 240 mg/kg) by gavage. All the treatments continued for 7 days. On the seventh day, animals of groups 2 -5 were given a single dose of D-GalN (800 mg/kg in saline) by intraperitoneal injection 2 h after administration of CASE or 0.5% CMC-Na solution, while group 1 animals received normal saline instead of D-GalN. After 24 h, the mice were bled by removing eyeball and the blood was collected. The serum was separated from blood and was used for assay of ALT. Mice livers were immediately removed after blood collection, and weighed. A portion of the liver was then homogenised in physiological saline solution and the homogenate was used for assay of MDA.
Animal model of liver fibrosis and CASE treatment
Sprague-Dawley rats were randomly divided into five groups (normal control group, CCl 4 model group, and three CASE treatment groups with doses at 60, 120 and 240 mg/kg) with eight rats in each group. Experimental hepatic fibrosis was produced using the method of Iredale et al. (1998) , with some modifications. Rats were subcutaneously injected with 12.5% (v/v) CCl 4 in peanut oil, twice a week for 8 weeks. The amount of CCl 4 administered was 0.5 mL/kg. The normal control group received equal amounts of olive oil. Rats in treatment groups were administered CASE in 0.5% CMC-Na solution by gavage once a day for 8 weeks, while the rats in normal control group and model group were administered with the same volume of 0.5% CMC-Na solution only. At the end of 8 weeks, blood was withdrawn from the abdominal aorta under ether anesthesia. After euthanasia, liver was removed immediately, and weighed, and relative liver weight was calculated as liver mass divided by body mass. The blood samples were allowed to clot for 45 min at room temperature. Serum was separated by centrifugation at 600 × g for 15 min and analyzed for various biochemical parameters including ALT, AST, and HA. A portion of the liver was homogenized in physiological saline solution. Homogenates were centrifuged (1000 × g, 10 min, 4°C ) and the supernatant was used for the assays of MDA, SOD and HYP content in liver. The activities of AST and ALT, the contents of HA, HYP, the levels of MDA and SOD, were determined using analysis kits (Nanjing Jiancheng Institute of Biotechnology, China). Furthermore, a portion of the left lobe of the rat liver was fixed in 10% formalin for 24 h and embedded in paraffin. Tissue sections (5 µm) were used for histopathological examination.
Histopathological examination
Sections (5 µm) were stained with hematoxylin and eosin (HE) for histopathological examination. Masson stain was used to determine liver fibrosis. Histological grade of hepatic fibrosis was determined by a semi-quantitative method according to the following scoring system (Li et al., 2003) : 0, normal (no visible fibrosis); 1 +, fibrosis present (collagen fiber present that extends from portal triad or central vein to peripheral region); 2 +, mild fibrosis (mild collagen fiber present with extension without compartment formation); 3 +, moderate fibrosis (moderate collagen fiber present with some pseudo lobe formation); and 4 +, severe fibrosis (severe collagen fiber present with thickening of the partial compartments and frequent pseudo lobe formation).
Statistical analysis
The data were expressed as mean ± S.D. Statistical analysis was performed by one-way analysis of variance (ANOVA), followed by student's t-test. Ranked data were compared using Ridit procedure. p < 0.05 was considered as statistically significant. 
RESULTS
Protective effect of CASE on D-GalN induced liver injury in mice
Mice administered with D-GalN showed elevated levels of serum ALT, relative liver weight and tissue MDA, as compared with normal control group (Table 1) . Treatment with CASE (60, 120 and 240 mg/kg, i.g) significantly attenuated these levels.
Effects of CASE on relative liver weight of hepatic fibrosis rats
Relative liver weight was significantly increased after subcutaneous injection of CCl 4 for 8 weeks, as compared with control animals. Orally administration of CASE at 240 mg/kg significantly lowered the relative liver weight (Table 2) .
Serum markers of hepatic fibrosis
CCl 4 administration resulted in significant (p < 0.01) rise in the levels of ALT, AST and HA when compared with the control group. Oral administration of CASE (120 mg/kg) was seen to lower significantly the elevated levels of HA. Treatment with CASE (240 mg/kg) caused significant decrease in serum transaminase activities (Table 3) .
Effect of CASE on SOD activity and the contents of MDA and HYP in liver homogenates
As shown in Table 4 , SOD level decreased significantly after CCl 4 treatment (p < 0.01) compared to normal rats, while MDA and HYP contents of the liver significantly increased. CASE treatment (120 and 240 mg/kg) significantly attenuated increase in MDA and HYP contents, and elevated SOD level in liver homogenate when compared with CCl 4 treated rats.
Effect of CASE on hepatic histology
CCl 4 treatment induced severe liver fibrosis compared to control group as indicated by Masson stain. CASE treatment at the dose of 120 and 240 mg/kg markedly reduced the average severity of CCl 4 induced liver fibrosis (Table 5) . Representative photographs of the liver morphology are shown in Fig. 1 . The hepatic lobular architecture was normal and no histological abnormalities were observed in liver from normal control rats (Fig. 1A) . In contrast, liver tissue from CCl 4 treated rats (no CASE treatment) showed more steatosis, obvious collagen deposition, cell necrosis and inflammatory infiltration compared to those in normal control rats (Fig. 1B) . CASE treatment (120 and 240 mg/kg) markedly alleviated the degree of liver fibrosis as indicated by less collagen deposition and lowered inflammation ( Fig. 1C and D) .
DISCUSSION
CCl 4 is a xenobiotic used extensively to induce oxidative stress. Chronic CCl 4 treatment is frequently used in rats as an experimental model of hepatic fibrosis (Shyu et al., 2008) . Liver fibrosis induced by CCl 4 is associated with the exacerbation of lipid peroxidation (LP) and the depletion of antioxidant status. LP produces hepatocellular damage and enhanced production of fibrotic tissue (Tsukamoto et al., 1990) . As a result of LP, cell membrane integrity is compromised and cell plasma enzymes such as ALT, AST leak out. In the present study, CCl 4 -induced increased serum AST and ALT were significantly suppressed by CASE treatment. MDA is one of the main LP products and its level reflects the degree of LP injury in hepatocytes. Increased levels of LP products have been associated with a variety of diseases in both humans and animal models (Karadeniz et al., 2009) . In this study, we found that CASE significantly reduced the increase of MDA level caused by CCl 4 -treatment, which indicated that anti-fibrotic effect of CASE not only was exerted by inhibiting TGF-β signal transduction (Yang et al., 2008) but also may be related to its antioxidant and free radical scavenging ability. D-GalN is indirect hepatotoxic agent. Although its metabolic product is not free radical, it could induce Ca disproportion and conversion of xanthine dehydrogenase to xanthinoxidase, thus promote more oxygen free radicals to damage hepatocytes (Zhang et al., 1991) . Anti-lipid peroxidation effect of CASE may contribute to its effect against D-GalN induced acute liver injury in mice. In combined drug therapy, interactions among drugs in traditional medicine formulae are very complex. Two or more herbal medicines in combination are often more effective or powerful compared to the effect of single herb or its extract. Our previous results have shown that astragalus polysaccharides alone could weakly inhibit proliferation and collagen synthesis of HSC in vitro . Astragalosides at the dose of 80 mg/kgd (24 g/kgd as calculated by weight of Astragalus membranaceus) or Salvianolic acid 2.19 g/kgd in weight of Salvia miltiorrhiza alone could inhibit CCl 4 induced liver fibrosis in rats (Huang et al., 2001) . The best dosage of CASE found in this study for inhibition of CCl 4 induced liver fibrosis in rats was 120 mg/ kgd corresponding to 12.3 g/kg in weight of Astragalus membranaceus and 0.32 g/kg in weight of Salvia miltiorrhiza, respectively. It is obvious that CASE remarkably reduced the dosages of these two herbal medicines while showed similar therapeutic efficacy, which suggests that the combination of extracts is superior to the single component.
In our study, the CASE at the dose of 120 mg/kg showed stronger inhibitory effects on the contents of HYP and MDA in liver tissue and level of HA in serum than at the dose of 240 mg/kg. This finding was further confirmed by the histopathological examinations, namely, CASE treatment at the dose of 120 mg/kg was superior to CASE (240 mg/kg) in respect to CASE reducing the average severity of CCl 4 induced liver fibrosis. The dosage of 240 mg/kg might increase hepatic metabolic load and thereby interfered its ameliorated action in liver lesion. The synergistic effects of two or more herbal medicines in combination on the liver fibrosis will be further studied.
An evidence of hepatic injury is leakage of cellular enzymes into the plasma. D-GalN at a dose of 800 mg/kg induced highly elevated levels of relative liver weight, serum ALT and tissue MDA in the untreated toxin control. When treated with CASE, a marked reduction of relative liver weight, ALT and MDA levels was observed. The likely hepatoprotective effect of CASE might be due to the stabilization of the liver cell membrane and the anti-lipid peroxidation. In summary, in this study, the pharmacological effects of CASE were demonstrated in mice with D-GalN and in rats with CCl 4 -induced liver fibrosis, which indicates the possibility of using CASE for treatment and prevention of acute and chronic hepatic injury. In addition, mechanism of CASE effects was found to be associated with antioxidant and scavenging free radical ability.
